The levels of Te 125 have been studied using Sb 125 nuclei, polarized at T=O.014°K in an iron lattice, and Ge (Li) detectors. The magnetic moment of Sb 125 was determined as (2.59±O.03) PtN. Levels (spins) were assigned at 35.9(1+), 145.4(lj-), 322.2(j-), 443.7(probably i+), 462.5(!+), 525.4(probably !-), 636.1 (i+), 642.3 (i+), 671.6(!+) (energies in keY). The even-parity levels could be identified with levels calculated by Kisslinger and Sorensen. Using their wave functions, we calculated E2/Ml mixing ratios and branching ratios, finding quite good agreement. The odd-parity states are of special interest. The ¥ 145.4-keV state and t-525.4-keV state are assigned as hU / 2 quasiparticle and hll(2 quasiparticle plus phonon. The t-state at 322.2 keY is not predictable on a single-quasiparticle-plus-phonon theory, and is assigned as a three-quasiparticle (hll/ 2)3 intruder state, bearing out Kisslinger's prediction that (j3)j_l intruder states should be found in low-lying spectra for high j. Evidence for other intruder states in Rh 1oo , AgI09, and AgllO is given.
I. INTRODUCTION
resolve the various components of the spectrum, and as a result the technique has been inapplicable to cases O NE of the features of low-temperature equilibrium involving weak or closely spaced components in nuclear orientation which has been in the past "complex" spectra. alternately a boon and a serious limitation is the fact
The recent development of lithium-drifted german that it is a singles measurement (requiring no coin ium ,,-ray detectors with resolutions of about 1-3 keY cidence between the decay products observed) that and efficiencies of the order of 10-8 at 500 keY has yields rather directly the angular correlation coefficients entirely changed the situation, with the result that F k. Given the range of temperatures presently available, many more transitions are accessible for study by the the maximum information about the angular distribu nuclear orientation method. tion of the decay products from oriented nuclei may be Another development of importance to nuclear obtained by using two detectors, usually along and orientation in recent years has been the polarization of normal to the axis of orientation, observing in each the nuclei of diamagnetic atoms when present as dilute decay product intensity as a function of energy and impurities in a ferromagnet.! The ferromagnet is cooled specimen temperature. In practice, in many cases this to temperatures of the order O.Ol°K by thermal contact extreme simplicity has been lost through the failure of with a paramagnetic cooling salt which is adiabatically the detectors, in particular N aI (Tl) 'Y-ray detectors, to demagnetized from magnetic fields of order 25 kOe at The present work combines these two extensions to
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the technique to study the nuclear polarization of Sb 125 in dilute solution in iron. In addition, spectroscopic and coincidence studies were made of the l' transitions in the daughter Te 125 , to check the decay scheme and assist the interpretation of the nuclear polarization data. Sb 125 was chosen because the difficulty of resolving various transitions in the photon spectrum has caused uncertainty in the analyses of previous spectroscopic and nuclear polarization studies using N aI (TI) detec tors. In particular, a very high value of the nuclear magnetic dipole moment of Sb 125 has been reported. 2 To improve the detailed knowledge of this system presented an excellent challenge to the high-resolution detectors.
The design of the experiment is discussed in Sec. II. The experimental results and their analysis are covered in Sec. III; the magnitude of the magnetic dipole moment of Sb 125 is evaluated and discussed in Sec. IV. In Sec. V the spectroscopic work is described, and Sec. VI contains the conclusions for each l' transition studied. The decay scheme is compared with theoretical calculations in Sec. VII, and an appraisal of the experiInent is given in the final section.
II. EXPERIMENTAL
This project was initiated and largely completed at the Lawrence Radiation Laboratory; however, later additional nuclear orientation data have been obtained at Oxford. The two experimental systems are described separately, but the data obtained were in complete agreement and have been analyzed together.
For the first work the Sb 125 activity (a fission product) was obtained carrier-free from Oak Ridge National Laboratory. Some of the activity, in dilute chloride solution, was placed in a small well in a l-g block of high-purity iron and evaporated to dryness. A few microcuries of C0 60 were also added, and the well was sealed with a conical Fe plug. The block was melted at 1600°C in an argon atmosphere for about! h to obtain homogeneity of the Sb and Co solutes in the resulting alloy. On cooling, the alloy was pounded to a flat plate which was sectioned. The activity in each section was measured to check the uniformity of the alloy. One of these sections formed the source for the polarization experiment.
The contact-cooling system comprised a tube con taining finely ground chrome potassium alum mixed to a stiff paste with a half-and-half mixture of glycerol and saturated aqueous chrome potassium alum solu tion. Twelve Cu fins 2 by 8 cm were partially embedded in the paste, giving a contact area of "'-'400 sq em. The fins were hard-soldered together at their upper ends and the solid mass was shaped as a horizontal finger which projected into a niobium cylinder. The source was soft-soldered to the underside of the finger. The tube and fin system was suspended (by nylon threads) inside a glass cryostat surrounded by liquid helium pumped to O.97°K. Demagnetizing from fields of up to 22 kG cooled the salt to temperatures down to O.Ol°K. The lowest source temperature obtained was 0.014°K. Demagnetization also left trapped flux of 2000 kG in the superconducting niobium cylinder, which served to magnetically saturate the source. The nuclear polarization axis was thus parallel to the axis of the cylinder.
Three ('-ray detectors were used. Two of these were Ge(Li) detectors 2X3 em, with drift depths of 4 and 8 mm and resolution of 4 keV at SOO keV. They were used for the Sb 125 l' rays, and were mounted along (0°) and normal (90°) to the axis of polarization, about 4.5 em from the source. In addition a 3X3-in. NaI(Tl) detector was used to measure the anisotropy of the C0 60 radiation at 0°. This anisotropy served as a thermometer (see Sec. V).
The high efficiency of the N aI (Tl) detector minimized the C0 60 activity required for satisfactory temperature measurement, and thus minimized also the background under the Sb 125 spectrum in the Ge (Li) detectors caused by the higher-energy C0 60 radiations. The intensities of all l' rays were measured simultaneously in three 400 channel analyzers. Corrections were applied for back ground and the finite solid angles of the detectors.
The Oxford nuclear orientation measurements were made on an apparatus described previously.3 The activity was obtained from the Radiochemical Center Amersham, and source preparation was by diffusion at 900°C under a hydrogen atmosphere for 60 h. The Ge(Li) detector used in this work, on loan from the Radiation Lab, Berkeley, was of higher resolution (2.5 keY at 500 keY) than those used previously, allow ing separate observation of all components of the spectrum.
III. RESULTS
The ('-ray transitions in Te 125 at 672, 636, 606, 600, 462, 427, 380 , and 177 keV were observed, and all showed considerable anisotropy. Data were taken over the temperature range 20::; liT::; 70, concentrating on the region between 60 and 70 where the anisotropies are largest. For the most intense transition, at 426 keV, both 0° and 90° records were analyzed over the whole temperature region. A smaller Ge detector was at 90°, and the data are of correspondingly poorer statistical accuracy. The results plotted as a function of liT are shown in Fig. 1 . The temperature dependence for all transitions was the same within experimental error. Figure 2 shows the ('-ray spectrum above 400 keY at l/T= 65, and at 1 0 K; at the latter temperature the emission is isotropic. This plot shows the clear resolution of all ' Y rays except those at 600 and 606 keY. These also were resolved in the later experiments.
IV. MAGNETIC DIPOLE MOMENT OF Sb 126
The angular distribution of'Y radiation from a system of oriented nuclei is given by
" even where P,,(cosO) is a Legendre polynomial, B lI is a temper ature-dependent parameter describing the Boltzmann distribution among the hyperfine levels of the parent nucleus, and U ll and F lI are angular-momentum coupling constants of unobserved and observed transitions, respectively. In the experimental temperature range, only the terms for 11= 2, 4 need be considered.
The nuclear magnetic dipole moment is obtained from study of the ground-state transition from the 462-keV level (!+ measured by NMR to be 230 kOe. 4 Recent measure ments by (3 polarization give the sign as positive. 5 In Fig 2.0 final value for the moment is
taking Heff= 230 kOe. I'-ray anisotropy gives only the magnitude of the product ~Heff, but nuclear systematics strongly indicate a positive sign for the dipole moment. This value is considerably below that obtained in a similar experiment using NaI(Tl) detectors,2 (3.55±O.3) J.1.N. The disagreement is most probably due to the inability of NaI (TI) to resolve the 462-keV transition from that at 427 keY, which shows a large anisotropy of the opposite sign. The magnetic moments of nuclei having g7/2 proton single-particle ground states have been measured for several isotopes of Sb, I, and CSt The close agreement The decay scheme of Sb 125 has been the subject of several investigations S -13 and although there is agree ment on the main features the existence of several discrepancies and uncertainties warranted a thorough reinvestigation using Ge(Li) detectors. In addition to high-resolution singles spectra, some '1'-1' coincidence runs were made with two such detectors. (1963) . '
A. y-Ray Energies and Intensities
Singles spectra over the whole energy range are shown in Figs. 5-7. The 'j'-ray energies and relative intensities are given in Table I 
B. Coincidence Measurements
To check assignments of the 'j' rays, fast-slow coin cidence measurements were made. The counter geo metry is shown inset in Fig. 9 , a Pb absorber wrapped with Cd and Cu foils being used to avoid detection of backscattered photons. In the first run a gate was set on the 35.5-keV 'Y ray (Fig. 8 ) and all coincidence pulses in a 6-sq-cmX I-em-thick detector were recorded. The coincidence spectrum is given in Fig. 8 . Observation of the transitions at 426.6, 600.2, and 606.4 keY are in agreement with published decay schemes; however, the 635.8-keV transition is also found with 95±5% of its singles intensity relative to the other coincident lines. It is thus established as originating mainly from the 671.6-keV level. The weak 407.8-keV transition is also observed.
A further run with the gate set on the combined 174 and I77-keV peak showed coincident transitions at 116(2), 172(2), 175(2), 203(2), 320(2), 426(3), and 462(4) keY (Fig. 9 ).
c. Nuclear Orientation For )LSb 125 = 2.59 )LN the value of B v for p> 2 is very small even at the lowest temperatures reached. Thus the angular distribution simplifies to W (0) = 1+B 2U~2P2 X (cosO). Consequently, the products U2F2 for all the 'Y rays studied are given by
as B 2 , describing orientation of the Sb 125 parent, is the same for all 'Y rays. The experimental values are tabulated in Table II , where they are compared with various theoretical predictions. The increased accuracy of these values compared with those given in an earlier report 14 reflects the more recent Oxford work.
D. ~ Decay
From the measured ')'-ray intensities, using the con version coefficient measurements of Narcisi, the intensi ties and hence the logit values of the various ,a-decay branches were calculated. The results are given in Table III . 
VI. LEVEL SPINS AND PARITIES IN Te 125
The composite decay scheme is given in Fig. 10 . In this section the data from all studies of a given level are correlated, taking into account the present work and that of other authors. Each level is discussed separately except those at 0 (!+), 35.5-keV (!+), and 145.4-keV (If-), which ·are well established, and unaffected by this work.
1. 671.6 keV. The conversion coefficient of the 671.6-keV 'Y ray indicates an E2 transition and thus positive parity for this state. Thus the 97-keV f3 decay must be allowed (l-forbidden), restricting the possible spin values to !, ~, or !.As the ground-state spin is t, this level is !+. This assignment is consistent with the nuclear orientation result for both 671.6-and 635.8-keV transitions if the latter is mixed (see Table II ). From the K-conversion coefficient the higher E2 admixture is preferred. The strong line at 635 keV following Coulomb excitation 8 is also consistent. The suggestion of !+ for this leveP2 appears unlikely because the ,a-decay feed is certainly not second forbidden. (hereafter referred to as K and S), using a more sophis ticated form of the phonon structure and taking into account the coupling of pairs of particles in conjugate states to form quasiparticles, have given a set of wave functions for levels up to about 1 MeV in a wide range of basically spherical nuclei. The general success achieved by these calculations in predicting the density and relative motion of levels is sufficiently striking to merit the comparison with experiment of their predictions of properties more sensitive to the details of the wave functions, such as multipole transition rates and nuclear moments. In view of the accumulated knowledge of the level scheme of Te 125 , such a comparison has been made and is presented in this section.
In Table IV are given the major components of the K-S wave functions for Te 125 below 900 keV, i.e., those due to cancellation between six components, giving a with up to one phonon. Components with more than resultant less than one-tenth the sum of their moduli one phonon have a negligible effect on measurable (see Table V ).] The E2 transitions, on the other hand, quantities at these energies. Also given are the K-S are dominated by the collective de-excitations (single energies and the energies of the experimental levels particle+phonon)---.? single particle. Following Sorensen identified with the predicted ones. Figure 11 shows Te 126 • of the order 0.1 to 0.2 MeV, which is within the expected neighboring even-even nuclei, and The accuracy of the K-S treatment. In the calculations which phase of the collective E2 terms was found by compari follow no corrections were made to the wave functions son with an exactly parallel calculation on wave func to allow for these energy changes.
tions derived using the simpler model of Glendenning. We have calculated the Ml and E2 ')'-ray transition In the expression for the nuclear radius, r=R o Al/3, probabilities using the expressions for the reduced the value R o =1.45X10-13 em was taken. matrix elements given by Sorensen. 20 , 21 These give
In Table VI branching ratios and lifetimes in Table VIII . At the energies considered, internal conversion has been neglected as small compared with the uncertainty of the underlying assumptions. The calculations for the prominent l' rays are very encouraging. The ground state, 35.S-keV excited state doublet branching ratios, and the multipole admixtures show agreement with experiment within a factor of 2 in the nlatrix elements in all cases except the probably underestimated E2 admixture to the 635-keV transition. The 462-keV level half-life is also very close to that measured.
Many of the weaker transitions involve the 442-keV level, to which assignment of a K and S level of spin! was made. In view of the satisfactory agreement obtained with experiment for the 407/442-keV branch ing ratio and the 228-and 201-keV intensities the detailed comparison strengthens this assignment. ' Finally, although the lifetime of the 35.S-keV state is much shorter than the K and S prediction,22 the measured magnetic dipole moment is in good agreement with the calculated value of 0.64 ,uN.
This apparent contradiction between success and failure of the theory is probably due to the greater sensitivity of transition probabilities to details of the wave functions. This arises since, whereas magnetic moments involve only diagonal matrix elements within a single state, transition probabilities are concerned with two states. Also, the moment is directly proportional to the calculated matrix element and the transition probability depends upon its square. Finally the effect of modification of the wave function from pure single particle is only to reduce the moment by about SO% in this case, whereas the pure single-particle Ml transition probability is zero. A similar example is found in the configuration mixing treatment of the 21.7-keV transi tion and ground-state magnetic moment of EU l51 • 2 & 22 J. S. Geiger, R. L. Graham, J. Bergstrom, and F. Brown Nucl. Phys. 68, 352 (1965) . ' 23 E: E. Berlovich and G. M. Bukat, Izv. Akad. Nauk SSSR Ser. FlZ. 28, 214 (1964) . 
VIII. NEGATIVE-PARITY STATES IN Te

125
We have already mentioned that using the sinlple phonon plus single-particle model of Glendenning we were unable to reproduce the low-lying negative-parity states observed at 321 and 524 keY. Reference to Fig. 12 shows that such states are also conspicuously absent in the K and S calculations, which give only a close multiplet of states of spins ~-, to ¥-at 928 keV, from the J.,f-plus phonon configuration. While the 524-keV state might be one of these, it seems very unlikely that the 321-keV state could be explained in this way.
A recent suggestion by Kisslinger 24 may resolve this problem. He considers states derived from coupling three quasiparticles in the J.f-level, and shows that one of these, of spin !, may be expected at an energy considerably lower than the (single quasiparticle plus phonon) odd-parity levels, and is thus said to "intrude" among the low-lying states. Such a level would be characterized by an anomalously low M1 transition probability, as the two-quasiparticle operator for Ml de-excitation is zero if the states are pure and the single-quasiparticle state is at the nuclear Fermi level. This prediction is sensitive to small admixtures to the states, as the Ml single-particle transition rate is much greater than the E2. The experimental mixing ratio for the 176-keV transition, (E2/Ml)=-1.28 or -0.67, shows that the E2 transition is indeed strong. The comparable M1 amplitude, the weak l' feeds to the level and the high ,a-decay logjt value are all compatibl~ with the expected admixture of the phonon single quasiparticle state of the same spin. The !-state at 321 keY is therefore very likely the anticipated three quasiparticle "intruder" state. . Kisslinger has noted several other examples of (j3)i_l Intruder states. The first excited state in V5l is presum ably of largely (j7/2 3 )5/2 character: The large E2 admixture in the 325-keV transition to ground is a consequence of suppression of the M1 component by the seniority selection rule. Low-lying ~+ isomers in Ag107 and Ag109 are considered to arise from the g9/2 photon shell and to have [(!)3J 7/2 character. Confirma tion of this is given by the recently measured nlagnetic moment of the ~+ 88-keV level in AgI09,25,u= 4.31±0.04 JJ.N. Before comparing this with theory we state an easily proved theorem:
For a configuration of n identical nucleons in j-j coupling, the g factor of any state (jn)j' is exactly that of a single nucleon.
This theorem provides a second diagnostic requirement for Kisslinger's three-quasiparticle intruder states:
(1) For a nucleus with Fermi surface in a j shell the intruder state has spin j -1. (2) Its g factor is just gj.
